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Abstract 
CO2 leakage from subsurface storage sites is one of the main concerns connected with the CCS technology. As CO2 leakages into 
near surface formations appear to be very unlikely within pilot CCS projects, the aim of this work is to emulate a leakage by 
injecting CO2 into a near surface aquifer. The two main questions pursued by the injection test are (1) to investigate the impact of 
CO2 on the hydrogeochemistry of the groundwater as a base for groundwater risk assessment and (2) to develop and apply 
monitoring methods and monitoring concepts for detecting CO2 leakages in shallow aquifers. 
The presented injection test is planned within the second half of 2010, as a joint project of the University of Kiel (Germany), the 
Helmholtz-Centre for Environmental Research (Leipzig, Germany) and the Engineering Company GICON (Dresden, Germany). 
The test site has been investigated in detail using geophysical methods as well as direct-push soundings, groundwater well 
installation and soil and groundwater analyses. The present paper presents briefly the geological and hydrogeological conditions
at the test site as well as the planned injection test design and monitoring concept. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
CO2 leakage from subsurface storage sites is one of the main concerns connected with the CCS technology. For a 
sound risk assessment the evaluation of potential leakages is a prerequisite before implementing a new technology 
as well as for obtaining public acceptance. One potential risk associated with CO2 leaking from storage sites is the 
geochemical alteration of shallow groundwater systems in terms of pH decrease, mineral dissolution and potential 
mobilization of heavy metals. E.g. Birkholzer et al. [1] investigated profoundly by numerical simulations different 
possible geochemical reactions including mineral dissolution and mobilization of metals due to CO2 intrusion into 
groundwater. They showed, that concentrations of trace metals might significantly increase, however their 
sensitivity studies revealed that boundary conditions concerning aquifer conditions and intrusion scenarios have 
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large impacts on the results and the predicted risk. Thus, they emphasize that field studies are inevitable to reduce 
uncertainties in model assumptions. However, as CO2 leakages into near surface formations appear to be very 
unlikely within pilot CCS projects, a proper risk assessment for the protected property groundwater is not viable 
within such projects. Therefore, separate studies on the impact of CO2 in near surface formations are necessary to 
gain insight into potential geochemical reactions taking place in groundwater systems due to CO2 leakage as well as 
to develop and apply monitoring concepts and methods. To adress these issues, a CO2 injection test is planned at a 
test site in Northeast Germany to emulate a CO2 leakage into a near surface aquifer. A similar test has been 
conducted and published so far only in Montana/USA [2, 3], with an emphasis not only on the impact on the 
groundwater but also on monitoring CO2 fluxes in the unsaturated zone and to the atmosphere. Further injection 
tests are intended to our knowledge in Norway [4], Australia (Feitz, 2009 pers.comm.) and Spain (Bruno, 2009 
pers.comm.). Comparison of CO2 field tests at different geological conditions combined with laboratory and 
numerical studies will enable an identification of sensitive parameters for predicting the effects of CO2 leakages on 
groundwater.  
The present paper presents the intended injection test and monitoring design as well as the geological and 
hydrogeological conditions at the site. Beside the University of Kiel, the Helmholtz Centre for Environmental 
Research Leipzig and the GICON Consulting Company Dresden are involved in the project. 
2. Test site 
The test site is located at a former military air field in the state of Brandenburg, approximately 100 km northwest 
of Berlin. Geologically, the subsurface consists of pleistocene sediments that are characterized by various glacier 
advances and regressions, thus sandur deposits as well as moraine and basin sediments are found. This is manifested 
by fine to coarse sands, silt and clay as well as glacial till layers. 
Figure 1: Test site for CO2 injection with existing groundwater monitoring wells and electrical conductivity and hydraulic profiling logging. 
The clipping shows the location of the test site within Germany. 
Concerning the hydrogeology, two aquifers are present within the first 20-25m below surface level (bsl), that are 
in parts connected via hydraulic windows: the upper aquifer reaches from 2.5-3m bsl to 9.5m bsl, the second aquifer 
from approximately 10.5-19m bsl. The upper aquifer is characterized by interbedded sand and silt layers, that seem 
to be heterogeneously distributed in the vertical and lateral direction. These sand and silt deposits have been related 
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to sand deposits of the latest Weichsel glacial period. The separating aquitard between the upper and lower aquifer 
consists of glacial till of a thickness of approximately 0.6 m at the test site. This decalcified glacial till vanishes 
towards the western part of the test site, at GWM3 (s. Fig. 1) it was not detected, thus hydraulic connections 
between the upper and lower aquifer can be assumed. The lower aquifer consists of a homogeneously sand 
formation, mainly medium to coarse sands, that were assigned to sandur deposits of the Saalean glacial period. 
Hydraulic conductivities in these medium to coarse sands were determined by slug tests and range from 4.5-
6.8·10-4 m s-1. The underlying inpermeable layer is again glacial till.  
The groundwater flow direction is directed towards west, where at a distance of 0.8 km the groundwater drains 
into the river Dosse. Groundwater flow velocities are estimated from slug tests and hydraulic gradients to be around 
1 m d-1.
At one of the planned injection location (Inj1) soil samples were taken from 0-19.30m bsl using GeoProbe 
technique [5]. Beside a visual description of sediments, soil samples were analysed for organic and inorganic 
carbon, as well as for major and trace elements applying a pressurized mixed-acid attack [6]. As can be seen in 
Table 1, all sands are free of inorganic carbon, only in the clay and glacial till inorganic carbon contents is about 
1.5 wt%, which is also reflected in the calcium contents. Also, iron and manganese are only found in higher 
concentrations in the clays, silts and till fraction (Table 1), which is true for most trace elements (Table 2). 
Table 1: Total organic and total inorganic carbon (TOC / TIC) and main cations of soil samples at injection location. 
Depth
[m bsl] 
Litho-
logy 1)
TOC  
[wt.-
%]
TIC
[wt.-
%]
Na
[mg/kg] 
K
[mg/kg] 
Ca
[mg/kg] 
Mg  
[mg/kg] 
Fe
[mg/kg] 
Mn
[mg/kg] 
Al
[mg/kg] 
2.38 Clay 0.95 1.60 3765 23350 39550 14750 44300 410.5 66600 
4.22 mSand < 0.1 < 0.1 3360 6450 1810 525 3140 66.1 13400 
5.63 Silt 2.1 < 0.1 3260 16400 3640 3100 12200 111 42600 
6.37 fSand 0.62 < 0.1 3020 7110 1450 527 5370 68.1 14100 
7.89 Clay 0.24 < 0.1 4860 16000 3970 3790 16500 132 37900 
8.32 mSand < 0.1 < 0.1 4220 8560 2010 1060 4520 54.3 19200 
10.10 Till 0.15 < 0.1 4960 14100 3840 3360 13000 114 33000 
10.49 cSand < 0.1 < 0.1 4030 6845 1935 702 4070 68.5 15450 
13.20 cSand < 0.1 < 0.1 4480 7860 1790 774 2840 40 17200 
16.86 mSand < 0.1 < 0.1 3800 7310 1640 478 2450 38.2 15000 
18.58 mSand < 0.1 0.38 4870 8870 18700 776 5520 86.3 17900 
18.95 Till  0.12 1.50 4960 14200 46600 3620 15000 221 32400 
1) fSand: fine Sand; mSand: medium Sand, cSand: coarse Sand. 
The most prevalent trace metals were in all samples barium, followed by strontium, chromium and zinc. Arsenium, 
cadmium and uranium have been detected in all samples either in very low concentrations or below detection limit 
(Table 2). 
Table 2: Trace elements in [mg/kg] in soil samples at injection location [measured at the ICP-MS laboratory at the Institute of Geosciences of the 
University of Kiel] 
Depth
[m bsl] 
Litho-
logy 1) Cr Co Ni Cu Zn  As Sr Cd Ba Pb U
2.38 Clay 80.3 13.4 44.5 20.8 75.2 7.10 130 0.26 424 20.7 3.11 
4.22 mSand 9.76 0.89 2.28 1.67 12.4 < 2 41.4 < 0.2 184 5.2 0.63 
5.63 Silt 43.4 5.76 25.9 14.4 55.9 2.79 59.8 0.24 406 19.3 3.83 
6.37 fSand 11.6 5.99 15.9 2.79 20.9 7.62 38.3 < 0.2 208 6.4 0.94 
7.89 Clay 40.2 6.70 18.3 10.2 44.9 7.04 72.6 0.23 372 16.1 2.51 
8.32 mSand 13.8 1.95 4.92 3.68 14.9 2.64 51.6 < 0.2 239 7.4 0.98 
10.10 Till 34.7 4.54 14.0 8.26 29.6 2.37 70.2 < 0.2 331 12.2 2.00 
10.49 cSand 11.4 2.13 6.29 2.52 25.9 2.95 49.4 < 0.2 201 6.7 1.68 
13.20 cSand 10.1 1.45 3.46 3.02 9.60 < 2 50.9 < 0.2 238 6.3 0.78 
16.86 mSand 9.23 1.31 3.10 2.38 10.1 < 2 45.7 < 0.2 217 5.84 0.59 
18.58 mSand 9.13 1.66 3.48 2.72 10.7 < 2 69.0 < 0.2 248 6.4 0.66 
18.95 Till  32.4 4.61 14.0 10.3 32.4 < 2 116 < 0.2 313 13.5 1.92 
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3. Injection test design 
Injection of gaseous CO2 is planned in the lower aquifer consisting of a relatively homogeneous layer of medium 
to coarse sands (see section 3), that is confined by glacial till at the bottom (appr. 19m bsl) and a decalcified till at 
the top (approx. 9.5-10m bsl). The injection level will be at 18 m bsl, so that the gaseous CO2 will ascend over the 
complete aquifer, leading to a parabolic reaction cone where gaseous CO2 will dissolve into groundwater, resulting 
in geochemical alterations of the groundwater and sediments. CO2 injection will be realised at three injection lances 
using a filter screen of 0.2m at the bottom of the lances. The lateral spacing of the injection lances is 5m, resulting in 
a source control plane of 10m length perpendicular to the groundwater flow (see Fig. 2). The injection rate is 
designed to be 10 L CO2 min
-1 (=26 kg CO2 d
-1) at each injection lance, so that according to multiphase simulations 
the reaction cones are supposed to overlap and the complete CO2 is supposed to dissolve in the groundwater while 
ascending to the confining top of the aquifer. Additionally to the gaseous CO2, a conservative gas tracer (SF6) will 
be mixed into the gas stream to distinguish the plume development between the reactive CO2 and the non-reactive 
SF6. The injection test is planned during 10 days in autumn 2010. 
Figure 2: Inner test site (compare also Fig. 1) with dense monitoring network (planned)
4. Groundwater monitoring concept 
Monitoring of the groundwater is the central part of presented injection test. The main goal is to gain insights in 
geochemical reactions of groundwater and sediments as a result of CO2 dissolution into groundwater and the 
following pH decrease. A detailed monitoring field (s. Fig. 2) will be installed including thirteen 2” groundwater 
monitoring wells screened at depths of 12-18m bsl, that will be used to install data loggers for water level, pH, 
temperature, O2, redox and electrical conductivity. Additionally, one 4” groundwater monitoring well will be 
installed for a CO2 sensor combined with a data logger for water level, pH, temperature, O2, redox potential and 
electrical conductivity. Additionally to these groundwater monitoring wells groundwater samples will be taken at 
eight multilevel sampling installations, each containing three sampling points at depths of 12, 15 and 17 m bsl. 
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Groundwater samples will be analysed for total inorganic and organic carbon, main ions, trace metals and SF6. In 
total, eight sampling events are scheduled before, during and after the injection test, resulting in 268 groundwater 
samples in total. 
A first base line groundwater monitoring was performed in May 2010 at four groundwater monitoring wells 
(GWM1-GWM4, see Fig.1), where two samples (GWM3 and GWM4_17m) were obtained from the deeper aquifer, 
while the other were taken from the upper aquifer. Table 3 summarizes the cation and trace metal concentrations. 
Table 3: Main cations and trace elements [measured at ICP-MS laboratory of Institute of Geosciences at Univ. of Kiel] in µg/L at 
groundwater monitoring wells GWM1-GWM4.
GWM1 GWM2 GWM3 GWM4 - 6m GWM4 - 17m 
Ca 21930 63490 69290 107330 102280 
Fe 31 7 4 149 278 
K 5650 3780 840 3660 3390 
Mg  1010 5520 2630 7440 7140 
Mn  20 110 150 410 390 
Na 2560 12430 9250 16170 23260 
Si 3770 4010 4380 3820 4120 
Li 0.044 0.433 1.38 1.03 1.03 
Al 5.57 2.58 4.00 1.69 1.45 
Ti < 0.3 0.927 0.856 1.46 1.47 
V 0.585 0.212 0.200 0.34 0.309 
Cr 0.139 0.227 0.130 0.128 0.178 
Mn  18.9 111 140 368 347 
Co 1.33 1.28 0.362 2.48 3.64 
Ni 1.83 4.31 2.15 3.77 3.37 
Cu 2.73 2.27 1.20 2.73 2.29 
Zn  9.79 24.1 4.88 36.8 18.0 
As 0.471 0.214 0.562 0.397 0.371 
Rb 3.33 0.816 0.473 0.385 0.582 
Sr 84.7 182 103 392 356 
Mo  1.40 1.94 5.60 1.97 3.70 
Cd < 0.016 0.030 < 0.016 0.145 0.204 
Ba 19.9 33.0 14.1 47.4 49.0 
Tl 0.006 0.005 < 0.005 0.006 0.008 
Pb 0.012 0.016 0.011 0.012 0.011 
U 0.060 0.986 1.44 4.27 2.50 
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5. Outlook 
The intended CO2 injection test at a shallow quartenary aquifer in Northeast Germany will give insight into 
geochemical reactions due to CO2 intrusion as a potential consequence of leakage from CCS storage sites. Thus an 
important aspect of risk assessment for the protected property groundwater will be adressed, giving answers to 
questions like how to detect leakages, are there reliable proxi-parameters that could be monitored instead of 
CO2/hydrogencarbonate, what are the potential risks due to a locally decreased pH in terms of mineral dissolution 
and metal mobilization. 
The test site will act as a platform for different scientific groups to implement and test different monitoring 
methods, which will focus beside monitoring in the groundwater also on the unsaturated zone [7] and on the impact 
on microbial populations. 
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